Aus einer im Gang befindlichen größeren Untersuchung über die Abhängigkeit der AgBr-Lumineszenz von Zusätzen seien nur die folgenden experimentellen Befunde herausgegriffen:
Der hohen photochemischen Empfindlichkeit, die etwa 0,02 Mol.-% Ag2S in AgBr-Kristallen hervorrufen, entspricht eine intensive gelbe Lumineszenz bei -190°. Diese Lumineszenz hängt jedoch entscheidend von der Wärmevorbehandlung ab. Werden nämlich die Kristalle nach Temperung bei + 380" von dieser Temperatur unmittelbar auf -190° abgeschreckt, so fluoreszieren sie intensiv ohne eine Spur von Nach- 8 The article describes some earlier results and a few recent ones of experiments on the spectral sensitivity of photographic emulsions and considers the consequences of these results, especially with regard to the action of chemical sensitizers.
O n April 4, 1938, J. Eggert gave a lecture before the Faraday Society in Bristol on "The Spectral Sensitivity of Photographic Layers" 1 . This lecture was based on experiments carried out in the "Wissenschaftliches Zentral-Laboratorium der Photographischen Abteilung der I.G. Farbenindustrie A.-G. (Agfa)" of which he was director at that time. The first part of that paper is entitled "The Spectral Sensitivity of Unsensitized Layers", a heading which might be considered to be rather strange, even contradictory. How can something which is not sensitized be sensitive? However, apparently everyone in the audience was well versed in photographic science, and therefore, no one had any doubt as to the subject which Professor Eggert was treating. He wished to exclude photographic emulsions containing organic dyes which absorb light outside the absorption region of the silver halides, and extend the spectral sensitivity of the emulsions to longer wave lengths. He did not exclude chemically sensitized emulsions, i.e., emulsions the sensitivity of which is increased by substances which do not appreciably increase their light absorption. Peculiar as it might seem, however, only the action of chemical sensitizers as optical sensitizers was treated in the first part of his paper; namely, the unexpectedly high sensitivity of unsensitized emulsions in the wave-length region where the light absorption of silver bromide is very low. In spite of its brevity, it is only three printed pages, the part of the lecture devoted to this subject stimulated further investigations which are described in three subsequent papers (Part II 2 , IIP, and IV 4 ) from the Agfa Laboratory. Although all of these wave length (mp ) papers deal with unsensitized photographic emulsions, two of them (Parts II and III) bear the general title of the Faraday lecture, whilst the title of the last one (Part IV) indicates that the range of investigation is restricted to unsensitized emulsions. The findings of the original paper 1 which provoked further interest in the subject was an unexpected break in the spectral-sensitivity curve at a wave length which, for pure silver bromide emulsions, is in the neighborhood of 490 m/n. A curve showing this break is given as curve a in Fig. 1 * In the literature, these substances have frequently been called "impurities". This designation is avoided here because they are far from harmful to the emulsion but, on the contrary, are usually beneficial to it. was due to substances in the emulsion other than silver halides*, and the subsequent papers deal with methods of suppressing and enhancing this additional sensitivity as a means of studying the nature of these ingredients. Strong evidence was obtained that they are identical with, or at least closely related to, chemical sensitizers contained in photographic emulsions for increasing their total sensitivity. An especially great enhancement of the sensitivity beyond 490 m/u was obtained in emulsions containing colloidal silver in close contact with the silver bromide grains 4 . A similar preferential enhancement of the sensitivity beyond the break, although to a lesser degree, was recently obtained on a silver bromide emulsion which had been treated with silver nitrate as follows: bathing for one minute in N/10 solution of silver nitrate, washing in distilled water for 10 min., and drying in a stream of air. Emulsions so treated tend to give excessive fog when developed. This fog can be considerably reduced if the emulsion, prior to development, is bathed in N/10 solution of potassium bromide for one minute, and then dried. The results shown in Fig. 2 are in agreement with more qualitative results of previous authors [5] [6] [7] [8] .
It was the writer's good fortune to be able to combine the experience which he gained during his connection with the work on unsensitized emulsions with experience obtained in the Kodak Research Laboratories on low-temperature sensitivity of photographic emulsions 9-12 . This fact made it comparatively easy to study the change in the spectral sensitivity of such emulsions when the temperature is lowered from room temperature to that of liquid nitrogen (-195° C). Curves showing this change 13 are given in Fig. 1 . For a better evaluation of the results of these experiments, the spectral light absorption of the same photographic emulsion was measured at room temperature and at low temperature (-140° C). Tribute is again due Eggert, whose paper 14 was of considerable help in designing the measuring instrument employed. Absorption curves are given in Fig. 3 , in which earlier measurements 13 on a pure silver bromide emulsion (solid curves) are supplemented by recent measurements on an emulsion containing 6 moles per cent silver iodide.
We shall now consider the results of these two types of measurements and the conclusions drawn from them. In the first place, it is observed that, in the region of short wave lengths, the low-temperature sensitivity curve is turning downward more rapidly towards longer wave lengths than the room-temperature curve. For example, in Fig. 1 , the ratio of the sensitivities at -195 and + 25° C is 0,2 at 400 m/u and 0,01 at 460 m/ii. It is very probable that this sensitivity change can be ascribed not to an actual decrease in the sensitivity of the silver bromide, but to a decrease in its light absorption on lowering the temperature. The amount of this decrease becomes greater towards longer wave lengths. This fact explains why the drop in sensitivity on lowering the temperature also increases. It might be added here that the growth of the ratio between room-temperature and lowtemperature absorption with increasing wave length is somewhat obscured by experimental difficulties which tend to increase the absorption values measured on photographic emulsions in the region of low absorption. Measurements on large silver bromide crystals indicate that the ratio continues to increase towards longer wave lengths.
The conclusion at which we arrive regarding the low-temperature sensitivity in the region of short wave lengths is analogous to that drawn earlier 1 -3 f S. E. S h e p p a r d , E. P. Wightman and R. F. Quirk, J. phvsic. Chem. 38, 817 [1934] .
io J. H. Webb, J. opt. Soc. America 25, 4 [1935] , about the shape of the spectral-sensitivity curve at room temperature. Here also proportionality between spectral sensitivity and silver bromide absorption was deduced.
All the emulsions for which the spectral sensitivity at room and liquid-nitrogen temperature has been measured have in common the fact that the efficiency of the foreign substances as optical sensitizers is preserved at -195° C to a considerable degree. wave length (mp) Fig. 3 . Spectral light absorption of photographic emulsions at room temperature and at -140° C: Solid curves = silver bromide emulsion; dotted curves = silver bromide emulsion containing 6 moles per cent silver iodide.
Because of the lowered sensitivity arising from the lowered absorption of silver bromide at -195° C, the foreign substances begin to have an influence on the shape of the spectral-sensitivity curve at a wave length as short as 460 m¡i (Fig. 1) . The separation between curves a and b grows narrower between 460 and 480 m/u. At still longer wave lengths, the sensitizing efficiency decreases, a fact which may be due either to a real loss in efficiency or to decreased light absorption of the foreign substances.
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wave length ( mp ) Fig. 4 . Spectral light absorption of photographic silver bromide emulsions at room temperature and at -135° C: Solid curves = untreated; dotted curves --treated with silver nitrate.
absorption, as is the case with optical sensitizers, but presumably by changing the structure of the silver bromide grain in the photographic emulsion. As to the nature of this change, several hypotheses have been brought forward 1 5 -i 0 . Apparently, various kinds of foreign substances are capable of effecting such a change. Because of the small amount of chemical sensitizers usually contained in photographic emulsions, their existence has, so far, not been established by absorption measurements, although they are easily found by that method in larger crystals 15, 17 . However, in the case of the afore-mentioned sensitization by silver nitrate (Fig. 2) , the sensitization was accompanied by an increased optical absorption. The result of a measurement is given in Fig. 4 . It is worth noting that both the additional light absorption and the additional sensitivity were removed to a considerable degree, although not completely, when the emulsion after the silver nitrate bath and wash, but prior to exposure, was bathed for one minute in ZV/10 potassium bromide solution, washed in distilled water for 10 min., and dried. This behavior was taken as proof that the increase in absorption and speed was not due to silver formed during the bathing process because silver would not be dissolved by the potassium bromide. The objection that silver could be carried away, together with a solution of silver bromide in potassium bromide formed during tjre treatment, was disproved by showing that N/100 potassium bromide has the same effect, although the solubility of silver bromide in such a solution is lower than that in pure water 20 . Apparently, just as in the case of the conventional chemical sensitization, a change in the structure of the grains is responsible for the increase in sensitivity.
It might be hoped that further investigation in the field briefly outlined in the foregoing paragraphs, especially experiments with emulsions prepared by various methods of chemical sensitization, will give further insight into the mechanism of the photographic process.
